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Description 

METHOD AND SYSTEM FOR A VEHICLE 
BATTERY TEMPERATURE CONTROL 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates generally to battery oper- 
ated vehicles, and more particularly to methods and sys- 
tems for controlling vehicle battery temperature. 

[0003] 2. Background Art 

[0004] Hybrid electric vehicles or pure electric vehicles typically 
include a high voltage battery to provide power for driving 
the vehicle. The performance of the vehicle and the ser- 
vice life of the battery can be affected by extreme temper- 
ature conditions. 

[0005] Batteries tend to provide less discharge power and accept 
less charge when cold. This is a problem as it can reduce 
the benefit of using the battery and lead to inconsistent 
performance in cold weather conditions. 



[0006] As discussed in USPN 6,163,135, tlie cliarging and dis- 

cliarging of the battery during veliicle operation causes its 
internal resistances to lieat tlie battery. One shortcoming 
of the design disclosed in the patent, however, is its in- 
ability to heat the battery when the vehicle is shut-off. 
This shortcoming is particularly disadvantageous as the 
battery can experience excessive cooling when shut-off. 

[0007] A battery heater can be used during vehicle shut-off to 
heat the battery. The battery heater is typically a vehicle 
mounted component, which includes a cord or other elec- 
trical connector to connect the heater to a wall outlet or 
other remote source of electric energy. The disadvantage 
of such heaters is that a user is required to plug in the 
heater. Plugging in the heater, if a wall outlet or other re- 
mote source of electric energy is available, is inconve- 
nient. 

[0008] Accordingly, it would be desirable to provide a more con- 
venient battery heater. 
Summary of Invention 

[0009] The present invention relates to a number of structures 

and features for heating a vehicle battery, including a bat- 
tery heater that is controllable by a vehicle system con- 
troller or other vehicle controller. The battery heater can 



be positioned inside or near tlie battery to provide lieat. 

[0010] One aspect of tlie present invention relates to a heater 
that is electrically connected to the battery such that the 
heater receives energy from the battery to generate its 
heat. For example, the heater can be a positive tempera- 
ture coefficient element, which increases resistance to 
current in response to decreasing ambient temperature. In 
addition, the heater can be a resistive element, which 
generates heat in proportion to the amount of current 
passed therethrough. 

[001 1] One aspect of the present invention relates to a method 
for controlling the battery heater. The method includes 
determining a key-off or other shut-down condition of 
the vehicle and, subsequent thereto, enabling energy flow 
from the battery to the heater to heat the battery. 

[0012] The method can further include placing the heater con- 
troller in a sleep or suspend mode in response to deter- 
mining the key-off condition prior to heating the battery. 
The "sleeping" controller can thereafter be placed into an 
active mode to determine whether the battery needs to be 
heated. 

[0013] The method can further include preventing heating after a 
predetermined period of time after key-off. This can be 



done to ensure that the battery is not heated when the ve- 
hicle has been inactive for a prolonged period of time. 
[0014] The method can further include heating the battery only if 
a battery state of charge (SOC) is greater than a prede- 
fined threshold. The amount of energy provide from the 
battery to the heater can be determined based on the bat- 
tery SOC. 

[0015] One advantage of the present invention is that the battery 
can be heated without requiring a user/operator to plug it 
into an outlet or perform other inconvenient steps to ob- 
tain a remote electric energy source. 

[0016] Another advantage of the present invention is that the ve- 
hicle controller can be placed in a sleep mode to conserve 
energy and placed into an active mode thereafter to de- 
termine whether the battery needs heating. 

[0017] Another advantage of the present invention is that the 

heater can be shut-off if the vehicle is not used for a pro- 
longed period of time so that the battery energy can be 

conserved for later use. 
Brief Description of Drawings 

[0018] Fig, 1 illustrates a heating system in accordance with the 

present invention; 
[0019] Fig. 2 illustrates the heating system with respect to a two- 



layered battery in accordance with the present invention; 
and 

[0020] Fig. 3 illustrates a flow chart of software logic for control- 
ling operation of the heating system in accordance with 

the present invention. 
Detailed Description 

[0021] Fig. 1 illustrates heating system 10 in accordance with the 
present invention. Heating system 10 provides heat for 
heating battery 16. 

[0022] Heating system 10 allows battery 16 to be heated without 
requiring any of the other vehicle components to be 
plugged into a power device remotely located from the 
vehicle. It is a self-heating system powered by battery 16. 

[0023] |\/ioreover, heating system 10 can be used with any bat- 
tery-operated vehicle that includes a high voltage battery 
for driving a vehicle. In particular, heating system 10 can 
be used with battery 16 in vehicles that rely only on bat- 
tery power for a traction motor. 

[0024] In addition, heating system 10 can be used in hybrid elec- 
tric vehicles that include an additional power source for 
use in driving the vehicle or for charging battery 16. For 
example, heating system 10 can be used with series hy- 
brid electric vehicles (SHEV), parallel hybrid electric vehi- 



cles (PHEV), and parallel/series hybrid electric vehicles 
(PSHEV). 

[0025] Heating system 10 includes heater 18 for generating heat 
for battery 16. Heater 18 can be any heater capable of 
providing heat or any electrically operable device that can 
be configured to generate heat based on energy provided 
by battery 16. It can be positioned inside or near battery 
16 to provide heat thereto. 

[0026] Preferably, heater 18 responds to current passed 

therethrough to provide heat. For example, heater 18 can 
a positive temperature coefficient element, such as a ther- 
mostat which increases resistance to current in response 
to decreasing ambient temperature. 

[0027] In addition, heater 18 can be a conventional resistive ele- 
ment, which generates heat in proportion to the amount 
of current passed therethrough. Other heating elements 
and similar devices, however, could also be used without 
deviating from the scope of the present invention. 

[0028] Heating system 10 further includes controller 24, DC/DC 
converter 26, and switch 28. Controller 24 controls DC/ 
DC converter 26 and switch 28 to control power flow to 
heater 18. 

[0029] In operation, DC/DC converter 26 converts the high volt- 



age from battery 16 to a lower voltage for powering 
heater 18. For example, battery 16 can be a 300V battery 
DC/DC converter 26 can convert the 300V output of bat- 
tery 16 to a 12V input to heater 18. 

[0030] Switch 28 is a common double throw switch, which in- 
cludes an off position and an on position. In the off posi- 
tion, no current flows to heater 18 and in the on position 
current flows to heater 18. 

[0031] Other switches could be used, including variable control 
switches, which would provide additional current control 
to control heat generation. 

[0032] Fig. 2 illustrates in more detail one configuration of heat- 
ing system 10 wherein the heater 18 is disposed within 
battery 16. 

[0033] Battery 16 can include a number of configurations for the 
various battery cells used therein, as one skilled in the art 
will appreciate. Battery 16 shown in Fig. 2 includes 240 
battery cells 38 connected in a series configuration and 
arranged into two layers, top layer 40 and bottom layer 
42. 

[0034] Each layer includes 120 battery cells 38. For exemplary 
purposes, only 5 battery cells from each layer 40 and 42 
are shown. As shown, heater 18 is disposed between top 



layer 40 and bottom layer 42 to provide the heat therein. 
[0035] Other configurations and arrangements for heater 18 
could be used without deviating from the scope of the 
present invention. In particular, heater 18 could be a 
blanket heater that wraps around individual battery cells 
of battery 16. 

[0036] Fig. 3 illustrates flowchart 50 of the software logic for the 
method of the present invention for controlling heating 
system 10. 

[0037] A key-off condition of the vehicle is determined at action 
block 54 at the start of the software routine. Key-off oc- 
curs when the driver turns the ignition key to the off posi- 
tion. 

[0038] Key-off corresponds with non-use of the vehicle, and thus 
places various controllers in the vehicle, including con- 
troller 24, in a suspend or sleep condition. The controllers 
can be place in an active mode by internal timers or other 
control elements in the vehicle without requiring the key- 
on condition to be determined. 

[0039] Action block 56 relates to waking up battery 16 after de- 
termining key-off in block. Battery 16 can be woken up in 
a number of different ways. In one embodiment of the 
present invention, controller 24 automatically wakes up 



the battery after a predetermined period of time after 
l<ey-off to checl< battery 16. 

[0040] The automatic wal<e-up typically occurs two hours after 
key-off. Two hours is an arbitrary time based on common 
vehicle usage and how long it takes batteries in general to 
cool after normal use. Shorter or longer intervals could be 
use. These intervals could be tied to the driving environ- 
ment of the vehicle. 

[0041] One purpose of the wake-up period is to give controller 

24 an opportunity to check battery 16 and, if needed, heat 
battery 16. By constantly checking battery 16 in this man- 
ner, controller 24 can ensure battery 16 is heated all 
times, especially when the vehicle is needed for use. 

[0042] Means other than a time delay could be used to wake up 
controller 24. These can include a remote starting device, 
such as a key FOB starter or other starting switch on the 
vehicle. Another means could include user-specified peri- 
ods during which the user could program controller 24 
using an input tool. Still another means could include 
controller 24 or other vehicle controller with intelligent 
logic for learning driving habits of the driver and deter- 
mining when the driver is most likely to start the vehicle 
after shut-off. 



[0043] At decision blocl< 60 it is determined wlietlier ambient air 
temperature is less than a predefined threshold after con- 
troller 24 wakes up. The ambient air temperature can be 
determined by controller 24 as it receives signals from an 
ambient air temperature sensor located on the vehicle. 

[0044] Alternatively, controller 24 can calculate ambient air tem- 
perature based on other battery sensors. For example, 
controller 24 can include other sensors within battery for 
measuring battery temperatures and diagnosing the 
health of battery 16. These sensor could be used in the 
calculation of ambient temperature. 

[0045] The predefined threshold corresponds with an ambient 

temperature below which the ambient temperature is suf- 
ficient to cool battery 16 such that battery 16 may need to 
be heated to prevent such cooling. For example, the am- 
bient temperature threshold may be 10°C. 

[0046] The ambient temperature threshold could also be time- 
based in that it can change over time. This can be done to 
reflect that less time is needed to cool battery 16 at lower 
temperatures than at high temperatures. 

[0047] At decision block 62 it is determined whether battery 

temperature is less than a predefined threshold after con- 
troller 24 wakes up. The battery temperature can be de- 



termined by controller 24 for receiving signals from a bat- 
tery temperature sensors, as described above. 

[0048] The battery temperature threshold corresponds with a low 
temperature limit for battery 16, which is close to the 
temperature at which performance of battery 16 is af- 
fected by the low temperatures. For example, the battery 
temperature threshold may be 10°C. 

[0049] At decision block 66 it is determined whether the state of 
charge (SOC) of battery 16 is greater than a predefined 
battery SOC threshold if blocks 60 and 62 determine that 
the ambient temperature is likely to cause undesired cool- 
ing of battery 16 (block 60) and that the battery tempera- 
ture has actually cooled to an undesired temperature 
(block 62). 

[0050] The battery SOC can be determined by controller 24 based 
on the various sensors controller 24 uses to control bat- 
tery. One purpose for determining battery SOC is to de- 
termine how much power is available from battery 16 for 
powering heater 18. Accordingly, battery voltage could be 
used instead of calculating battery SOC. 

[0051] The battery SOC threshold corresponds with a low SOC 
value for battery 16. This value preferably corresponds 
with a desired minimum battery charge level, which is still 



sufficient for starting tlie veliicle. 
[0052] This low charge tlireshold is dependent on battery 16, its 

configuration and its desired operating parameters, but 

typically it is around 30% SOC. 
[0053] At action block 68, if block 66 determines the battery SOC 

is not greater than the battery SOC threshold, the heater 

is turned off. As described above, this is commonly done 

to ensure that battery 16 has enough power to start the 

vehicle. 

[0054] At decision block 70 it is determined whether key-off has 
occurred before expiration of a predefined non-use pe- 
riod of time. This predefined period of time is used to de- 
termine whether it is likely that the vehicle is to be parked 
or otherwise not in use for an extended period of time. 

[0055] The non-use period of time can be any length of time, two 
days for example. This parameter can be changed de- 
pending on driver usage, but it is meant to limit heating 
of battery 16 if it is likely that vehicle is not going to be 
used, such as when it is parked in storage for a season. 

[0056] If the key-off has not occurred before expiration of the 
predefined non-use period of time, the heater is turned 
off as shown at 68. As described above, this is commonly 
done to ensure that battery 16 is not heated unless there 



is a chance that the vehicle will be used. 

[0057] If jt is determined at 70 that key-off occurred prior to the 
expiration of the non-use period of time, the heating, as 
described above, includes drawing current from battery 
16 for passage through heater 18 to generate heat. 

[0058] In accordance with one aspect of the present invention, 
the amount of battery energy used for heating is propor- 
tional to an amount of heat needed to heat battery 16 and 
an amount of energy available from battery 16 for heat- 
ing. 

[0059] The amount of heat needed to heat battery 16 may be mi- 
nor if the battery temperature is slightly less than the bat- 
tery temperature threshold. In this case, controller 24 
would calculate a lower amount of current for passage 
through heater 18 than it would if more heating were 
needed. 

[0060] The amount of battery energy used is preferably limited to 
the battery SOC discharge threshold so that battery 16 al- 
ways includes enough energy for starting the vehicle, re- 
gardless of how much heat is actually required to suffi- 
ciently heat battery 16. For example, controller 24 can de- 
termine the amount of heating based on the battery SOC 
or voltage that is determined. In particular, the difference 



between the battery SOC and the battery SOC threshold 
can correspond with the amount of battery energy to be 
used for heating. Thus, if the battery SOC is 35% and the 
battery SOC threshold is 30%, 5% of the battery SOC can 
be used for heating. 
[0061] While the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the inven- 
tion. All such designs and embodiments and equivalents 
thereof are defined by the following claims. 



